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ABSTRACT 


iTiis  report  tabulates  sources  and  strengths  of  earthquake  T  phases 
recorded  by  hydrophone  net  during  the  VEIA  UKIFCRI’4  Aleutian  Islands 
Experiment  ( August-Septeniber,  1964).  In  a  thirty-seven  day  period,  654 
earthquake  locations  were  found  -^or  the  entire  Pacific,  of  which  l84  were 
in  the  Aleutians.  Comparison  of  T-phase  strengths  with  earthquake  magni¬ 
tudes  suggests  a  threshold  about  icagnitude  three  for  location  by  hydro¬ 
phone  net . 
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Introdurtlon 

An  extensive  unde'n/ater  detc-nation  program  was  urcertaken  in  August 
and  September  1964,  for  the  primary  purpose  of  calibrating  a  network  of 
land  and  oce^n-bottcm  seismographs  established  in  the  Aleutian  Islands 
(G(=?rlach,  1964).  The  actual  period  of  detonations  was  3^  August  to  21 
Seplemher,  1964  (Gray  and  Tocher,  1964). 

The  T-phase  project  at  the  Hawaii  Institute  of  Geophysics  is  commerc¬ 
ing  a  routine  program  for  the  determination  of  T-phase  sources  by  means  of 
arrival  times  at  a  SOFAR  hydrophone  network.  These  detenninations  will  be 
published  at  regular  intervals  as  the  program  becomes  operational. 

Because  of  the  special  interast  in  Pacific  seismicity  during  the  VELA  UNI¬ 
FORM  Aleutian  Islands  fbcperiment,  those  ‘^vents  located  for  the  period  15 
August  to  21  September,  1964,  are  listed  in  this  report. 

Computational  Method 

The  tabulated  solutions  were  obtained  on  the  IBM  7040  computer  at  the 
University  of  Hawaii  Statistical  and  Computing  Center.  The  computer 
program  is  in  the  process  of  refinement  and  will  be  the  subject  of  a  lat'^-r 
report.  It  will  be  discussed  only  briefly  in  this  report. 

The  program  obtained,  by  iteration,  the  geographic  position  which  gave 
the  minimum  variance  f*r  a  set  of  origin  times  as  computed  for  the  l^th 
hydrophone  by  the  formula: 


for  origin  time  H,  arrival  time  T,  distance  to  the  hydrophone  S,  and 
average  volocity  V  between  region  k  and  the  hydrophone. 


Seiomio  belts  in  the  Pacific  were  divided  into  29  regions  for  the 
purpose  of  indexing  SOFAR  velocity.  The  sets  of  velocities  assigned  each 
region  wer<=‘  detemined  by  explosion  travel-tiite  calibration  where  possible 
and  from  hydrographic  data  wnere  explosion  calibration  was  not  available 
(Johnson  and  Norris,  1964).  Regions  where  explosion  calibrations  were 
available  are  the  Andreanof  Islands  (Aleutians),  Hawaii,  and  CaJLifornia. 

T-Riase  Stren.crth 

A  power  level,  in  decibels  relative  to  0.1  microbar,  is  listed  as  a 
measure  of  T- phase  strength.  This  level  is  calculated  for  a  distance  of 
30  degrees  from  the  source.  The  level  measured  at  each  hydrophone  is 
reduced  to  that  distouice  by  the  formula: 

sin  9 

^0"  ■  ^  *  A(9  -  30®) 

^  sin  30 

where  9  is  the  distance  in  degrees  from  the  source  to  the  hydrophone; 
and  Lp  are  the  peak  levels,  in  decibels,  at  distances  of  30''  and  9;  and  A 
is  the  attenuation  equivalent  to  1.6  db  per  icegayard.  On  the  righthand 
side  of  this  equation,  the  first  term  accounts  for  spatial  spreading  over 
the  earth's  surface  (cylindrical  near  the  source),  and  the  second  term 
accounts  for  losses  as  meiisured  in  the  Atlantic  by  Urlck  (I963).  Signals 
from  impulsive  sources,  as  explosions,  would  require  a  third  term  to  account 
for  time  spreading  of  the  SOFAR  signal  (Urick,  I963);  however,  for  T  jhases 
the  source  is  extensive  in  both  time  and  space  and  the  effective  duration 
of  the  peak  is  of  the  same  or  greater  order  than  the  rise  time.  Therefore, 
time  spreading  does  not  significantly  reduce  the  peak  level  of  T  phases. 

As  the  hydi-ophores  and  amplifiers  used  shift  the  peak  of  the  T-phase  power 


spectr’un  to  about  10  ops,  this  frequency  was  used  in  calculdting  loss  and  in 
referring  the  recorded  level  to  pressure. 

In  cviny  cases,  the  level  meas^a-ed  at  a  particular  hydrophone  is  Influ¬ 
enced  strongly  by  shadowing  from  local  features.  In  tabulating  a  strength 
for  a  particular  T  phase,  the  level  for  each  hydrophone  was  reduced  to  the 
standard  distance  and  the  hydrophone  giving  the  maximum  level  was  selected 
as  being  the  least  influenced  by  local,  features  and  therefore  the  most 
representative.  It  should  be  noted  that  no  allowance  is  made  for  differences 
in  efficiency  between  the  various  propagation  paths  nor  for  variation  in 
radiat<.;d  energy  with  azimuth  at  the  source. 

The  most  obvious  flaw  in  this  system  is  that  it  is  too  sensitive  to 
human  error.  It  is  noted  that  several  events  are  listed  at  strengths  of 
80  db  or  more.  As  these  levels  exceed  the  dynamic  range  of  the  recording 
equipment,  they  should  be  disregarded.  The  method  of  computing  T-phase 
strength  will  probably  be  revised  in  the  near  future. 

The  relationship  betv^een  T-phase  strength  and  earthquake  magnitude  is, 
as  yet,  obscure.  It  appears  that  the  strength  of  the  T  phase  is  heavily 
influenced  by  the  location  of  the  earthquake  focus  relative  to  continental, 
island,  or  seamount  slopes  (Johnson  a^  1963:  Northrop,  x96^)» 

Method  of  Analysis 

The  T-phase  source  Is  considered  to  be  that  ax'ea  of  the  ocean  bottom 
from  wiiicn  acoustic  energy  is  radiated  into  the  SOFAR  channel.  As  the 
mathematical  solution  attempts  to  find  a  point  source,  its  position  may  be 
at  variance  with  that  of  the  radiator.  Neither  of  these  positions  will 


ne -vjssarily  coincide  with  the  earthquake  epicenter  as  one  radiator  may  serve 
r  ■  epicenters  throughout  a  given  region.  For  a  single  earthcgiake,  oulti'jiLe 
peaks  in  the  1  phase  is  assumed  to  represent  multiple  radiators.  Presumably, 
a  separate  T-nhase  source  location  could  bo  established  for  each  peak. 

Multiple  radiators  are  identified  and  distinguished  from  multiple  earthquakes, 
bv  noting  that  the  peak  spacing  varies  fron  hydrophone  to  hydrophone. 

The  appearance  of  the  T-phase  power-level  record  varies  considerably 
from  event  to  event  and  loss  so  from  hydrophone  to  hydrophone.  To  insure 
reliability  of  Identification  of  corresponding  events,  ail  records  are  viewed 
in  syncJ-irony  on  table  modified  for  this  purpose.  Tlie  tLme  normally  read 
is  that  of  the  peak  power  level.  This  peak  may  be  quite  sharp  for  some 
events  or  quite  broad  for  others.  For  events  with  multiple  peaks,  that  peak 
is  read  which  appears  to  be  best  identified  with  peaks  recorded  at  other 
stations.  This  peak  may  not  be  the  highest  at  all  stations.  In  fact,  if  a 
minor  peak  is  sharper  at  all  hydrophones,  it  will  bo  preferred  as  giving 
the  least  uncertainty  of  arrival  time. 

The  charts  were  recorded  at  a  peed  of  0.25  mm/sec  from  Pacific  Missile 
Range  hydrophones  near  Eniwetok,  Wake,  Midway,  and  Oahu.  For  some  events, 
arrival  times  at  a  California  hydrephene  were  included.  All  the  hydrophones 
are  placed  at  or  near  the  depth  of  minimum  sound  velocity,  the  ax  s  of  the 
SOFAR  channel. 

Results 

For  the  entire  Pacific  area,  souj'ces  oi  earthquake  T  phase  were 
locaced.  This  Is  in  average  of  about  eighteen  per  day  for  the  37-day  period. 
Of  these,  h84  were  from  the  Aleutian  area.  The  Aleutian  events  are  li-ted 
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in  Table  I  and  the  reri^ining  events  in  Tabic  II.  An  explanation  of  the 
tables  is  on  page  IL  vhich  precedes  Table  I, 

Th  ’  geometry  of  the  fixes,  with  hydrophone'^  in  the  center  of  the  Pacific 
and  sources  around  the  perifery,  gives  on  area  of  uncertainty  which  is 
usually  elongated  on  an  axis  normal  to  the  Pacific  rim.  The  degree  of  elonga 
tion  varies  inversely  with  the  distribution  in  azimuth  of  the  hydrophones. 

For  some  areas,  notably  Central  and  South  America,  the  distribution  in 
azimuth  was  seldom  sufficient  to  obtain  satisfactory  f ixec . 

In  a  few  cases,  where  it  was  desired  to  report  the  detection  of  T  phases 
from  an  earthqua..e  but  a  satisfactory  fix  could  not  be  obtained,  the  nearest 
likely  position  is  listed  in  the  tables.  Th«se  cases  are  :*ecognized  by  the 
tabulation  of  time  to  vrhole  minutes  and  of  position  to  whole  degrees, 

T  pha&v.'  from  the  Gulf  of  Alaska  area  are  not  sharply  received  at  Wake 
and  Eniwetok  because  of  the  shadow  cast  by  Kodiak  Island,  Although  Midway, 
end  Oahu  received  many  T  phases  from  this  area,  tl.e  sources  could  not  be 
satisfactorily  fixed  without  reference  to  errival  times  at  a  California 
hydrophone . 

An  unexpected  degree  of  precision  was  obtained  in  locating  two  earth¬ 
quakes  in  the  South  Pacific  Cordillcrc,  These  events,  numbers  U40  and  44l 
of  Table  II,  were  about  95°  (two  hours  travel  time/  from  all  hydjcophones, 
including  the  one  at  California.  The  Coast,  end  Geodetic  Survey  reported  the 
epicenters  at  49.5  S,  ll6,2  W,  and  49.6  S,  116.2  W,  Tuc  T-phase  fixes,  both 
at  49.3  S,  116.5  W,  were  about  0.3*^  from  these  positions.  The  T-phase 
origin  times  averaged  11  seconds  later  than  the  listed  earthquake  origin  time 
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Velocities  Ui2ed  in  this  calculation  were  obtained  by  averaging  across  the 
SOFAR  velocity  chart  of  the  Pacific  Ocean  (uchnson  and  Norris,  I96U). 

Etetection  in  the  southwestern  Pacific  vas  spotty,  due,  primarily,  to 
the  number  of  intervening  islands  between  so’orces  and  receivers.  Results  in 
this  area  should  be  interpreted  very  cautiously. 

Aleutians 

Generally  good  results  were  obtained  in  the  sector  fren  the  Alaska 
Peninsula  to  Japan.  The  events  listed  in  Table  I  (Aleutians)  are  plotted 
in  Figures  1  and  2,  Locatiens  are  indicated  by  the  serial  number  from  the 
table.  Circled  numbers  indicate  the  epicenters  for  corresponding  events 
reported  by  the  Coast  and  Geodetic  Gurvey, 

The  positions  lie  generally  farther  north  than  would  be  cjcpecued  from 
bathymetric  considerations.  This  systematic  error  may  be  ascribed  to  the 
areal  extent  of  the  T-phase  radiator  which  makes  the  computed  point  source 
appear  behind  the  Aleutian  slope. 

About  76  events,  nearly  half  of  those  for  the  entire  Aleutians,  are 
from  a  source  off  Unalaska  Island,  Tills  area  is  plotted  on  an  enlarged  map 
in  Figure  j.  It  may  bf;  assumed  that  these  events  vrere  actually  all  from 
one  radiator  and  that  the  observed  scatter  is  on  indication  of  the  relative 
accuracy  of  the  fix,  Aocordingly,  the  mean  latitude  and  standard  deviation 
was  calculated  for  all  fixes  lying  between  I66  W  and  168  V/  which  ere  located 
cy  six  or  more  hydrophones  and  with  standard  deviations  of  origin  time  less 
than  5*3  seconds.  Fifty-seven  events,  ranging^frem  number  7  to  number  9I, 
fell  within  these  criteria.  The  mean  latitude  was  53.25  N  with  a  star'iard 
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deviation  of  0.53°«  The  location  of  the  mean  is  about  0,3°  inshore  from  the 
zone  in  xfhich  T-phase  generation  is  assu-.^d  to  take  place. 


Eight  shots  in  the  Aleutian  series,  ranging  in  weight  from  2,200  to 
6,800  pounds,  were  fired  on  land.  T-phases  were  detected  from  none  of  these. 

Twelve  events  reported  by  the  Coast  arid  Geodetic  Survey  appear  to 
correlate  with  T-phase  sources.  These  are  listed  in  Table  IV,  and  the  corre¬ 
sponding  events  are  indicated  by  asterisks  in  Table  I.  Figure  h  contains  a 
plot  of  magnitude  (as  published  on  the  USC&GS  Preliminary  Determination  of 
Epicenter  Cards)  versus  T-phase  strength  for  11  of  these  events  and  also  a 
histogram  of  T-phase  strength.  As  magnitude  is  a  logarithmic  scale  of  an 
amplitude  measurement  and  T-phase  strength  is  a  logaritlimic  scale  of  power, 
one  might  expect  a  slope  of  20  db  per  order  of  magnitude  for  a  line  relating 
the  two.  As  might  be  expected,  the  scatter  in  the  present  data  is  great  and 
the  line  drawn  in  the  figure  is  i.itended  only  as  a  rough  estimate.  The 
histogram  suggests  a  threshold  for  location  at  a  T-phase  stren^Ui  about  20  db. 
It  is  further  suggested  that  this  corresponds  to  an  earthquake  magrdtude  3* 

SOFAR  Location  of  Air  Drops 

As  a  check  on  the  program,  fixes  v/ere  obtained  for  21  explosions  from 
air  drops  in  the  Aleutian  shot  series.  The  results  are  listed  in  Tible  III 
and  can  be  compared  with  the  tires  and  locations  reported  by  the  aircraft 
(Gray  and  Tocher,  196h).  The  mean  deviation  between  computed  and  reported 
origin  times  is  8  seconds  which  co’'responds  to  about  12  kilometers  or  0.1 
degree  of  great  circle.  Individual  deviations  were  as  high  as  30  seconds 
(shot  79). 


MAGNITUDE  (CSGS) 


T-  PHASE  STRENGTH  -  DB 


Fl(f.  4  Histogram  ol  strciigihs  ol  Y’  pliasc’  soiirct's  in  the  Xleiitiati  area 
and  C’K.(jS  magnitude  s'  lsus  7'  pliase  stieitgtli  lor  Vleiitiaii 
c\i‘iit>  listed  b\  the  (ioast  v(»eodeti(  Siiixey,  Plotted  tiitmbers 
are  Iroiii  loliimn  I  ol  I  able  I. 
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Expl&nation  of  Tallies  1^  II,  III 

Column  1,  SER  In  Tables  I  and  II  this  is  a  serial  number  assigned 

chronologically.  In  Table  ITI  it  is  the  serial 
number  listed  '^y  Gray  and  Tocher  (196U),  An 
asterisk  to  uhe  left  of  the  serial  number  indicates 
that  the  event  is  also  listed  in  the  Preliminary 
Determination  of  Epicenter  Cards  by  the  Coast  and 
Geodetic  Survey, 

Columns  2  to  6,  iiPHMS  Grcenwicii  mean  origin  time, 

Colums  7  and  8,  DAT  LONG  Geographic  coordinates  of  T-phase  source. 

Column  9»  AREA  Tliis  name  is  for  the  region  used  in  indexing 

velocities.  It  is  not  always  descriptive  of  the 
location  in  columins  7  and  8. 

Column  iO,  SD  Standard  deviation  of  origin  time.. 

Column  11,  NO  Number  of  hydrophones  frcm  which  arrival  times 

were  read. 

Column  12,  DB  i^feximum  T-phase  strength  relative  Lo  0,1  micrcbar 

at  30^  from  source. 
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